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(57] ABSTRACT

A sequential logic circuit includes first, second and

third state hold circuits, each having a first input termi-
nal, a second input terminal and an output terminal. The
first input terminal of the first state hold circuit receives
a clock signal, and the second input terminal of the first
state hold circuit and the first input terminal of the
second state hold circuit receive a data signal. The
second input terminal of the second state hold circuit
receives an mverted clock signal corresponding to an
inverted version of the clock signal. The output termi-
nal of the first state hold circuit and the output terminal
of the second state hold circuit are connected to the first
and second input terminals of the third state hold cir-
cuit, respectively. An output signal of the sequential
logic circuit is output via the output terminal of the
third state hold circuit. Each of the first, second and
third state hold circuits has the following truth table:

o - ), - l or O
0 ] n
] 0 Qn
1 ] Oor |

where A and B are signals applied to the first and sec-
ond mput terminals, respectively, and Qn and Qn+1 are
the signals obtained at the output terminal. The sequen-
tial logic circuit inputs the data signal only when the
clock signal changes.

15 Claims, 8 Drawing Sheets
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1

SEQUENTIAL LOGIC CIRCUIT HAVING STATE
HOLD CIRCUITS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to sequential
logic circuits and, more particularly, to a sequential
logic circuit which includes state holding (or ‘hold”’)
circuits.

2. Description of the Prior Art

Digital logic circuits are categorized as being either a

combination logic circuit or a sequential logic circuit.
The combination logic circuit generates an output sig-
nal which is defined by only the current state of an input
signal. The sequential logic circult generates an output
signal which 1s defined by not only the current state of
the input signal but also the previous state thereof. A
basic circuit necessary to configure the sequential logic
circuit is composed of a latch circuit and a fhp-flop. A
flip-flop can be formed by two latch circuits.
. The flip-flop 1s categorized as being either a master-
slave type flip-flop or an edge triggered type flip-flop.
The master-slave type flip-flop is formed with a combi-
nation of two latch circuits. The edge triggered type
flip-flop inputs an input signal only when a clock signal
changes. Generally, 1t 1s easy to use the edge triggered
type flip-flop, as compared with the master-slave type
flip-flop, because the edge triggered flip-flop can be
used 1n a relaxed condition as compared with the mas-
ter-slave type flip-flop. |

Normally, it is necessary to use a large number of
normal bipolar transistors in order to configure the edge
triggered type flip-flop by using latch circuits and gate
circuits. However, it is disadvantageous to use a large
number of bipolar transistors in light of integration
density and operation speed considerations.

As i1s well known, an element having a hysteresis
characteristic is capable of holding the state of a signal.
In principle, a single transistor having a hysteresis char-
acteristic has the inherent function of holding the state
of a signal. However, 1t 1s impossible to form the se-
quential logic circuit by simply connecting transistors
having hysteresis characteristics without taking into
account a clock signal control procedure and an ar-
rangement for outputting an output signal.

SUMMARY OF THE INVENTION

It is a general object of the present invention to pro-
vide a sequential logic circuit in which the above disad-
vantages are eliminated. |

A more specific object of the present invention 1s to
provide a sequential logic circuit formed with a small
number of transistors. |

The above objects of the present invention are
achieved by a sequential logic circuit comprising first,
second and third state hold circuits, each having a first
input terminal, a second input terminal and an output
terminal, the first input terminal of the first state hold

circuit receiving a clock signal, the second input termi-

nal of the first state hold circuit and the first input termi-
nal of the second state hold circuit recetving a data
signal, the second input terminal of the second state
hold circuit receiving an inverted clock signal corre-
sponding to an inverted version of the clock signal, the

output terminal of the second state hold circuit being
connected to the first and second input terminals of the
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output terminal of the first state hold circuit and the

2

third state hold circuit, respectively, an output signal of
the sequential logic circuit being output via the output
terminal of the third state hold circuit; and each of the

first, second and third state hold circuits having the
following truth table:

A B Qn-+ |
0 0 lorgQ
0 ] Qn
] 0 Qn
1 ! Oorl

where A and B are signals applied to the first and sec-
ond input terminals, respectively, and Qn and Qn+’1
are respectively signals obtained at the output terminal,
the sequential logic circuit inputting the data signal only
when the clock signal changes.

The above objects of the present invention are also
achieved by a sequential logic circuit comprising first,
second and third state hold circuits, each having N
input terminals where N is an integer, and an output
terminal, N mput signals being respectively applied to
the N input terminals, and each of the first, second and

‘third state hold circuits generating a first-level output

signal when the number of predetermined-logic-level
input signals among the N input signals is smaller than a
threshold value N1; generating a second-level output
signal when the number of predetermined-logic-level
input signals among the N input signals is larger than a
threshold value N2; and holding a previous logic state
of the output signal when the number of predetermined-
logic-level input signals among the N input signals is
between the threshold values N1 and N2 where
0 <N1=N2<N, and wherein: two of the N input termi-
nals of the first state hold circuit receive a clock signal
and a data signal, respectively; two of the N input termi-
nals of the second state hold circuit receive an inverted
version of the clock signal and the data signal, respec-
tively; (N—2) of the N input terminals of the first state
hold circuit receive first control signals; (N—2) of the N
input terminals of the second state hold circuit receive
second control signals; two of the N input terminals of
the third state hold circuit are connected to the output
terminals of the first and second state hold circuits;
(N—2) of the N input terminals of the third state hold
circuit receive third control signals; and an output sig-
nal of the sequential logic circuit is output via the out-
put terminal of the third state hold circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the follow-
ing detailed description when read in conjunction with
the accompanying drawings, in which:

FIG. 1A 1s a block diagram of a first preferred em-
bodiment of the present invention;

"FIG. 1B is a circuit diagram of the first preferred
embodiment of the present invention;

FI1GS. 2A, 2B, 2C, 2D, 2E and 2F are diagrams show-

ing a state hold circuit used in the present invention:
FIGS. 3A, 3B, 3C, 3D, 3E and 3F are block diagrams

-showing the operation of the first preferred embodi-

ment of the present invention;

FIG. 4 15 a waveform diagram showing the operation
of the first preferred embodiment of the present inven-
tion;
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FIG. § 15 a block diagram of a variation of the first
embodiment of the present invention shown in FIG.
1A;

FIG. 6A 1s a circuit diagram of another state hold
circuit used in the present invention:

FI1G. 6B 1s a graph of an emitter current vs base-emit-
ter voltage of a diode-connected transistor shown in
FIG. 6A;

FIG. 7 1s a block diagram of a second preferred em-
bodiment of the present invention:

FIG. 8 1s a block diagram of a variation of the second

preferred embodiment of the present invention shown
-~ in FIG. 7; and

FIGS. 9A, 9B and 9C are block diagrams of applica-
tions of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A 1s a block diagram of a sequential logic
circuit according to a first preferred embodiment of the
present invention, and FIG. 1B is a circuit diagram of
the sequential logic circuit shown in FIG. 1A. The first
preferred embodiment of the present invention func-
tions as an edge triggered type flip-flop using inverted-
output type, two-nput, state hold circuits.

First, a description will be given of an inverted-out-
put type, two-input, state hold circuit with reference to
FI1G. 2A. An inverted-output type two-input state hold
circuit 10 shown in FIG. 2A has two input terminals A
and B and an inverted output terminal /Q (which corre-
sponds to Q in the figures). FIG. 2B shows a truth table
of the state hold circuit 10 shown in FIG. 2A. The state
of an output signal /Q of the state hold circuit 10 is
maintained when an input signal A applied to the input
terminal A has a low level (*0") and an input signal B
applied to the input terminal B has a high level (1) or
when the input signal A has the high level and the input
signal B has the low level. The output signal /Q has the
high level when both the input signals A and B have the
low levels. The output signal /Q has a low level when
both the input signals A and B have the high levels.

'FIG. 2C is a circuit diagram of the state hold circuit
10 shown in FIG. 2A. The state hold circuit 10 has two
resonant-tunneling hot electron transistors (RHETS)
Trl and Tr2. As 1s well known, an RHET has a nega-
tive conductance. The state hold circuit 10 holds the
logic state by using the negative conductance of the
transistor Trl. -

FIG. 2D 1s a graph showing changes in an emitter
current Iz, a collector current I and a base current Ip
as a function of a base-emitter volta V gr of the RHET.
When the base-emitter volta Vgr has a certain value,
the number of electrons introduced into the base from
the emitter increases. Electrons introduced in the base
become hot electrons, which pass through the base and
reach the collector except for some electrons from
which energy is lost due to scattering.

Referring agam to FIG. 2C, the base of the transistor
Tr1l 1s connected to its collector. The input terminal A
1s coupled, via a resistor R1, to a common node where
the base and collector of the transistor Tr1 are mutually
connected. The input terminal B is coupled to the com-
mon node via a resistor R2. The base of the transistor
Tr2 1s connected to the common node via a resistor R3.
A resistor R4 1s connected between the base and emitter
of the transistor Tr2. The collector of the transistor Tr2
1s connected to the output terminal /Q, and connected,
via a resistor RS, to a high-potential side power supply
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line Vc. The emitter of the transistor Tr1 and the emit-
ter of the transistor Tr2 are connected to a low-poten-
tial side power supply line GND.

Since the transistor Tr1 has the base and the collector
thereof connected to each other, it functions as a diode
having a characteristic shown in FIG. 2D. It will be
noted that a diode having the characteristic shown in
FIG. 2D can be substituted for the transistor Trl. As-
suming now that an output resistance of a previous-
stage circuit does not change, for the sake of simplicity,
the circuit shown in FIG. 2C has an equivalent circuit in
which a voltage source, generating an intermediate
level between the input signals A and B, is coupled to
the diode via a resistor having a parallel resistance of
the resistors R1 and R2.

The levels of the input signals A and B and the resis-
tance values of the resistors R1 and R2 are determined
as follows. As shown in FIG. 2E, a single stable point
exists before the peak of a characteristic curve when
both the input signals A and B are at the low level.
When one of the input signals A and B is at the high
level and the other input signal is at the low level, two
stable points exist. A single stable point exists after the
peak of the characteristic curve when both the input
signals A and B at the high level.

By suitably determining the levels of the input signals
A and B and the resistance values of the resistors R1 and
R2, the state hoid circuit 10 shown in FIG. 2C operates
as foliows. When the input signals A and B are at the
low level, the output signal of the transistor Tr1 has a
voltage lower than the peak voltage. When one of the
input signals A and B is at the low level and the other
input signal is at the high level, the output signal has a
low voltage if the previous state of the output signal has
the low voltage, and has a high voltage if the previous
state has the high voltage. The output signal has a volt-
age higher than the valley voltage if the input signals A
and B are at the high level. Hence, it becomes possible
to hold the logic state by designing the circuit so that
the operation point is in the hysteresis range only when
one of the input signals A and B is at the low level and
the other input signal is at the high level.

It will be noted that the transistor Tr1 does not gener-
ate a sufficient voltage change in the output signal. The
transistor Tr2 amplifies the output signal of the transis-
tor Trl. The transistor Tr2, which has a negative con-
ductance, 1s designed so that it operates in a voltage
range lower than the negative conductance range. In

principle, the transistor Tr2 can be a normal bipolar

transistor which has a positive conductance.

Returning to FIG. 1A, the sequential logic circuit is
composed of three inverted-output type, two-input state
hold circuits 11, 12 and 13. A clock signal C is applied
to the input terminal A of the state hold circuit 11, and
a data signal D is applied to the input terminal B
thereof. The data signal D is also input to the input
terminal A of the state hold circuit 12, and an inverted
clock signal /C (inverted version of the clock signal C)
1s Input to the input terminal B thereof. The output
terminal /Q of the state hold circuit 11 is connected to
the input terminal A of the state hold circuit 13, and the
output terminal /Q of the state hold circuit 12 is con-
nected to the input terminal B of the state hold circuit
13. It will be noted that the function of the symbol
denoting the state hold circuit 13 is the same as that of
the symbol denoting ‘each of the state hold circuijts 11
and 12.
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Referring to FIG. 1B, the base of the transistor Tr1 of
the state hold circuit 11 receives the data signal D via
the resistor R2, and the base of the transistor Trl of the
state hold circuit 12 receives the data signal D via the
resistor R1. The clock signal C is applied to the base of
the transistor Trl of the state hold circuit 11 via the
resistor R1, and the inverted clock signal /C is applied
to the base of the transistor Tr1 of the state hold circuit
12 via the resistor R2. The data signal D is also applied
to the base of the transistor Tr1l of the state hold circuit
12 via the resistor R1. The collector of the transistor
Tr2 of the state hold circuit 11 1s coupled to the base of
the transistor Trl of the state hold circuit 13 via the
resistor R1. The collector of the transistor Tr2 of the
state hold circuit 12 is coupled to the base of the transis-
tor Trl of the state hold circuit 13 via the resistor R2.

A description will now be given of the operation of
the sequential logic circuit shown in FIGS. 1A and 1B
‘with reference to FIGS. 3A through 3F and FIG. 4.
Imitially, each of the state hold circuits 11-13 holds the
high level (*'17) or the low level (*‘07). If the level of the
clock signal C i1s low (the level of the inverted clock
signal /C 1s high) and the level of the data signal D is
high, the state hold circuit 11 holds the previous state,
and the output signal Q2 of the state hold circuit 12
switches to the low level because both the mput signals
A and B have the high levels.
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As shown in FIG. 3B, if the clock signal C switches

to the high level while the data signal D is maintained at
the high level, both the input signals A and B of the
state hold circuit 11 become the high levels, and the
output signal Q1 thereof switches to the low level. The
state hold circuit 12 holds the previous state and contin-
uously generates the low-level output signal Q2. Since
both the input signals A and B of the state hold circuit
13 become the low levels, the output signal Q3 thereof
switches to the high level, so that the data signal D
obtained when the clock signal C rises can be output via

the output terminal Q.
As shown 1n FIG. 3C, if the clock signal C does not

change and is still maintained at the high leve] even if
the data signal D switches to the low level, the output
signal Q3 of the state hold circuit Q3 does not change.
That 1s, the state hold circuit 13 holds the previous state
even if the data signal D switches to the low level, both
the input signals A and B of the state hold circuit 12
become the low level, and thus the output signal Q2
switches to the high level, because either the input ter-
minal /A or /B of the state hold circuit 13 has the low
level and the other input terminal has the high level.
As shown in FIG. 3D, if the data signal D switches to
the high level, the output signal Q3 does not change
since the clock signal C does not change. That is, the
state hold circuit 13 outputs the previous state even if
the data signal D switches to the high level, both the
input signals of the state hold circuit 11 become the high
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levels, and thus the output signal Q1 switches to the low

level, because one of the two input signals A and B of
the state hold circuit 13 has the low level and the other
input terminal has the high level.

As shown in FIG. 3E, if the clock signal C switches
to the low level while the data signal D 1s maintained at
the low level, both the input signals A and B of the state
hold circuit 11 become the low levels, and hence the
output signal Q1 switches to the high level. The state
hold circuit 12 holds the previous state, and outputs the
high-level output signal Q2. Then, both the input signals
of the state hold circuit 13 become the high levels and
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thus the output signal Q3 thereof switches to the low
level. Hence, the state hold circuit 13 outputs the data
signal D obtained when the clock signal C falls.

As shown in FIG. 3F, if the clock signal C does not
‘change and is maintained at the low level and even if the
data signal D switches to the high level, the output
signal Q3 of the state hold circuit 13 does not change.

‘The state hold circuit 13 holds the previous state and

continuously outputs the low-level output signal Q3
even if both the input signals of the state hold circuit 12
become the high levels and the output signal Q2

‘switches to the low level, because the one of the input

signals of the state hold circuit 13 has the high level and
the other input signal has the low level.

The data signal D is input in the same manner as
described above when the clock signal C switches to
the low level from the high level while the data signal D
has the high level, or when the clock signal C switches
to the high level from the low level while the data signal
D has the low level. The output signal of the state hold
circuit 13, that is, the output signal of the sequential
logic circuit, 1s maintained until the clock signal C
changes.

As described above, the sequential logic circuit
shown m FIGS. 1A and 1B functions as an edge trig-
gered type flip-flop in which the data signal D is input
only when the clock signal C changes and is not input in
other cases even if the data signal D changes.

FIG. 5 is a variation of the first embodiment of the
present invention. In the variation, non-inverted-output
type, two-input state hold circuits are used instead of
the inverted-output type two-input state hold circuits.

FI1G. 2F 1s a circuit diagram of the non-inverted-out-
put type, two-input state hold circuit. In FIG. 2F, those
parts which are the same as those shown in FIG. 2C are
given the same reference numerals. As shown in FIG.
2F, a transistor Tr4 and three resistors R6, R7 and R8
are added to the circuit configuration shown in FIG.
2C. The resistor R6 is connected between the base and
emitter of the transistor Tr4. The resistor R7 is con-
nected to the collector of the transistor Tr4 and the
high-potential side power supply line Vc. The resistor
R8 is connected between the collector of the transistor
Tr2 and the base of the transistor Tr4. The collector of
the transistor Tr4 forms the output terminal Q. It is
possible to omit the resistors R6 and RS if the transistor
Tr2 can turn OFF the transistor Tr4.

It 1s also possible to form the edge triggered flip-flop
by using a multi-input state hold circuit having three or
more input terminals. More specifically, the multi-input
state hold circuit has N input terminals (N is an integer),
outputs a low-level (or high-level) output signal when
the number of input signals which have the high levels
is smaller than a threshold value N1, outputs a high-
level (or low-level) output signal when the number of
input signals which have the high levels is larger than a
threshold value N2, and holds the previous state when
the number of input signals which have the high levels
1s between the threshold values N1 and N2 where
O0<N1=N2<N. The above multi-input state hold cir-
cuit can be configured by simply adding input terminals
(resistors) to the aforementioned two-input state hold
circuit. The threshold values N1 and N2 are deter-
mined, based on the load lines and the negative conduc-
tance element (diode or diode-connected transistor). If
the four-input state hold circuit has two stable points
only when the number of high-level input signals is



J,221,866

7

equal to 2, N 1s equal to 4, and each of the threshold
values N1 and N2 is equal to 2.

F1G. 6A 1s a circuit diagram of such a four-input state
hold circuit, and FIG. 6B is a graph showing an
I .~V pre characteristic of the transistor Trl shown in
FIG. 6A and five load lines. Four input terminals are
coupled to the base of the diode-connected transistor
Trl viaresistors R11, R12, R13 and R14. The four-input
state hold circuit, which satisfies the condition that
N=4 and N1=N2=2, operates as the two-input state
" hold circuit by applying a high-level signal to one of the
four input terminals and applying a low-level signal to
another one of the four input terminals. The remaining
two input terminals function as two input terminals of
the two-input state hold circuit.

FIG. 7 shows an inverted-output type, four-input
state hold circuit which functions as inverted-output
type two-input state hold circuit. The circuit shown in
FIG. 7 1s composed of three inverted-output type four-
input state hold circuits 21, 22 and 23, and two inverters
24 and 25. Input (control) signals A and B, which are
applied to the state hold circuits 21 and 22 in common,
are maintained at the high and low levels (or vise versa).
The clock signal C is applied to one of the remaining
two 1nput terminals of the state hold circuit 21, and the
data signal D 1s applied to the other input terminal
thereof. The inverted clock signal /C is applied to one
of the remaining two input terminals of the state hold

circuit 22, and the data signal D is applied to the other

input terminal thereof. Inverted versions of the input
signals A and B, obtained via the inverters 24 and 25,
respectively, are applied to two of the four input termi-
nals of the state hold circuit 23. An output signal Q1 of
the state hold circuit 21 and an output signal Q2 of the
state hold circuit 22 are applied to the remaining two
input terminals of the state hold circuit 23. An output
signal Q3 of the state hold circuit 23 is an output signal
of the sequential logic circuit (edge triggered D-type
flip-flop circuit) shown in FIG. 7. As has been de-
scribed, the circuit shown in FIG. 7 functions as the
edge triggered type flip-flop by setting the input signals
A and B to be high and low (or vice versa).

FI1G. 8 shows a variation of the circuit shown in FIG.
7. In the vanation shown in FIG. 8, non-inverted output
type, four-input state hold circuits are used instead of
the inverted-output type, four-input state hold circuits
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used in FIG. 7. The non-inverted output type, four-

input state hold circuit can be obtained by adding a
transistor in the same way as shown in FIG. 2F. The
inverters 24 and 25 shown in FIG. 7 are not used in the
circuit configuration shown in FIG. 8.

In the circuit configuration shown in FIG. 7 or FIG.
8, it i1s possible to use the input signals A and B which
have identical levels (high or low). In this case, either
the clock signal C or the inverted clock signal /C has
the same level as the input signals A and B. Thus, at
least one of the state hold circuits 21 and 22 receives at
least three input signals which have the same logic
levels as the mput signal A, and its output signal (Q1 or
Q2) 1s /A (FIG. 7) or A (FIG. 8). Hence, the output
signal Q3 1s A because at least three input signals of the
state hold circuit 23 are each /A (FIG. 7) or A (FIG. 8).
It can be seen from the above that the flip-flop is asyn-
chronously set to the logic level to which the input
signals A and B are also set. Thus, a D-type flip-flop
with an asynchronous input terminal can be obtained. In
this manner, 1t becomes possible to provide the D-type
flip-flop with an additional function.
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The present invention can be applied to a shift regis-
ter, a n-nary counter (n i1s an integer) or the like.

F1G. 9A shows a shift register composed of a plural-
ity of cascaded D-type flip-flops. FIG. 9B shows a rip-

ple carry type 16-nary counter. FIG. 9C shows a syn-
chronous type 16-nary counter.

It 1s possible to form the state hold circuit with ele-
ments other than the combination of the RHETSs and
resistors. For example, a resonant tunneling bipolar
transistor can be used. In another example, a combina-
tion of a transistor and a two-terminal negative conduc-
tance element, such as a resonant-tunneling diode or an
Esaki diode, can be used. It is also possible to obtain the
hysteresis effect by means of a positive feedback circuit,
such as one in which a Schmitt trigger gate is used. The
resistors R1-R4 and R11-R14 can be replaced with
other level shift elements. It is also possible to form each
state hold circuit with a three-input majority decision
circuit or a non-inverting amplifier (or buffer gate).

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifica-

tions may be made without departing from the scope of
the present invention.

‘What is claimed is:

1. A sequential logic circuit comprising:

first, second and third state hold circuits, each having
a first input terminal, a second input terminal and
an output terminal, the first input terminal of the
first state hold circuit receiving a clock signal, the
second input terminal of the first state hold circuit
and the first input terminal of the second state hold
circuit receiving a data signal, the second input
terminal of the second state hold circuit rec:ewmg
an inverted clock signal corresponding to an in-
verted version of the clock signal, the output termi-
nal of the first state hold circuit and the output
terminal of the second state hold circuit being con-
nected to the first and second input terminals of the
third state hold circuit, respectively, and an output
51gnal of the sequential logic circuit being output
via the output terminal of the third state hold cir-
cuit; and

each of the first, second and third state hold circuits
having the following truth table:

m

A B Qn+1
O O lorQ
0 ] Qn
i 0 Qn
1 ] Oorl

where A and B are signals applied to the first and
second input terminals, respectively, and Qn and
Qn+-1 are respectively signals obtained at the out-
put terminal,
the sequential logic circuit inputting the data signal
only when the clock signal changes.
2. A sequential logic circuit as claimed in claim 1,
wherein each of the first, second and third state hold

circuits comprises an element having a negative con-

ductance.
3. A sequential logic circuit as claimed in claim 1,

wherein;
each of the first, second and third state hold CIrcuits
comprises a first transistor having a negative con-
ductance, a first level shift element and a second
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level shift element, said first transistor having a
collector, an emitter and a base;

the first input terminal is coupled to the base via the
first level shift element;

the second input terminal 1s coupled to the base via .

the second level shift element;
the collector 1s connected to the base; and
the emitter receives a first predetermined voltage
4. A sequential logic state circuit as claimed in clalm
3, wherein:
each of said first, second and third state hold circuits
comprises a second transistor, a third level shift
- element, a fourth level shift element, and a load
resistor, said second transistor having a collector, a
base and an emitter;
the base of the second transistor is coupled to the
collector of the first transistor via the third level
shift element, and receives the first predetermined
voltage via the fourth level shift element;
the emitter receives the first predetermined voltage:
the collector recetves a second predetermined volt-
age via the load resistor; and
an amplified version of the output signal produced at
the collector of the first transistor is produced at
the collector of the second transistor.
5. A sequential logic circuit as clalmed in claim 1,
wherein:
each of said first, second and third state hold circuits
comprises third and fourth input terminals;
the third input terminal of the first state hold circuit
and the fourth input terminal of the second state
hold circuit receive a first predetermined signal;
the fourth input terminal of the first state hold circuit
and the third input terminal of the second state
hold circuit receive a second predetermined signal
having a logic level different from that of the first
predetermined signal; and
the third and fourth terminals of the third state hold
circuit respectively receive inverted versions of the
first and second predetermined signals.
6. A sequential logic circuit as claimed in claim 1,
wherein:
each of said first, second and third state hold circuits
comprises third and fourth input terminals;
the third input terminal of the first state hold circuit
and the fourth mput terminal of the second state
hold circuit receive a first predetermined signal;
the fourth input terminal of the first state hold circuit
and the third input terminal of the second state
hold circuit receive a second predetermined signal
having a logic level identical to that of the first
predetermined signal; and
the third and fourth terminals of the third state hold
circuit respectively receive the first and second
predetermined signals.
7. A sequential logic circuit comprising:
first, second and third state hold circuits, each having
N input terminals where N 1s an integer, and an
output terminal, N input signals being respectively

applied to the N input terminals, each of the first,

second and third state hold circuits:

generating a first-level output signal when the num-
ber of predetermined-logic-level input signals
among the N input signals 1s smaller than a thresh-
old value N1;

generating a second-level output signal when the
number of predetermined-logic-level input signals,
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among the N 1nput signals, is larger than a thresh-
old value N2; and

holding a previous logic state of the output signal
when the number of predetermined-logic-level
input signals, among the N input signals, is between
the threshold wvalues N1 and N2 where
O0=N1=N2<N, and wherein:

two of the N input terminals of the first state hold
circuit receive a clock signal and a data signal,
respectively; |

two of the N input terminals of the second state hold
circuit receive an inverted version of the clock
signal and the data signal, respectively:

(N--2) of the N input terminals of the first state hold
circuit receive first control signals;

(N—2) of the N input terminals of the second state
hold circuit receive second control signals:

two of the N input terminals of the third state hold

“circult are connected to the output terminals of the
first and second state hold circuits;

(N —2) of the N input terminals of the third state hold
circuit receive third control signals; and

an output signal of the sequential logic circuit is out-
put via the output terminal of the third state hold
circuit.

8. A sequential logic circuit as claimed in claim 7,
wherein the second control signals are identical to the
first control signals and the third control signals are
inverted or non-inverted versions of the first control
signals.

9. A sequential logic circuit as claimed in claim 7,
wherein:

N 1s equal to 4;

a first predetermined signal and a second predeter-
mined signal are included in the first control sig-
nals: -

the first and second predetermined signals are applied
to two of the four input terminals of each of the
first and second state hold circuits;

sald sequential logic circuit further comprises in-
verter means for generating inverted versions of
the first and second predetermined signals; and

the inverted versions of the first and second predeter-
mined signals are applied to two of the four input
terminals of the third state hold circuit.

10.-A sequential logic circuit as claimed in claim 9,

wherein the first predetermined signal has a logic level
different from that of the second predetermined signal.

11. A sequential logic circuit as claimed in claim 7,
wherein:

N 1s equal to 4;

a first predetermined signal and a second predeter-
mined signal are included in the first control sig-
nals; and

the first and second predetermined signals are applied
to two of the four input terminals of each of the
first, second and third state hold circuits.

12. A sequential logic circuit as claimed in claim 7,

wherein N 1s equal to 4, N1 is equal to 2 and N2 is equal

60 to two.

65

13. A sequentlal logic c1reu1t as claimed in claim 7,
wherein:

each of the first, second and third state hold circuits
comprises a first transistor having a negative con-
ductance, and N resistors, said first transistor hav-
ing a collector, an emitter and a base;

the N input terminals are respectively coupled to the
base via the N resistors:
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the collector 1s connected to the base: and

the emitter receives a first predetermined voltage.

14. A sequential logic state circuit as claimed in claim

13. wherein:

each of said first, second and third state hold circuits
comprises a second transistor, a first level shift
resistor, a second level shift resistor, and a load
resistor, sald second transistor having a collector, a
base and an emitter:

the base of the second transistor is coupled to the
collector of the first transistor via the first level
shift element resistor, and receives the first prede-
termined voltage via the level shift element;

the emitter receives the first predetermined voltage;
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the collector receives a second predetermined volt-
age via the load resistor; and

an amplified version of the output signal produced at
the collector of the first transistor is produced at
the collector of the second transistor.

15. A sequential logic circuit as claimed in claim 7,

wherein:

each of the first, second and third state hold circuits
comprises a diode having a negative conductance,
N resistors, said diode having an anode and a cath-
ode;

the N mput terminals are respectively coupled to the
anode of the diode via the N resistors: and

.the cathode of the diode receives a predetermined

voltage.
%* x * * *
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